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ABSTRACT : PROBLEM TO BE SOLVED: To provide a piezoelectric actuator type optical system 
driving method which is inexpensive and accurate and requires no additional device. 

SOLUTION: While an AF evaluation value is being obtained, an optical system is driven 
first up to the shortest photographic distance (going way 1). Since a hysteresis is present 
in an operation of returning from the shortest photographic distance to an infinite distance 
position (return way), a characteristic shown by a broken line in the graph is obtained and 
the optical system is temporarily returned to the infinite distance position being the initial 
position without any focusing operation here. Then, the optical system is driven from the 
infinite distance position being the initial position to a voltage at which the AF evaluation 
value found on the going way 1 becomes maximum, i.e., a focusing point (going way 2). 
Here, the infinite distance position as the initial position and the shortest photographic 
distance as an end position are prescribed and neither position changes in spite of the 
repetitive operation of a piezoelectric actuator. Consequently, the optical system is driven 
to the voltage at which the AF evaluation value found on the going way 1 becomes maxim, 
i.e., the focusing point according to a characteristic of the piezoelectric actuator where the 
relation between the voltage and displacement is unequivocally determined on condition 
that the driving direction and driving start position are unchanged, and then the 
piezoelectric actuator shows the same characteristic as that of the going way 1 even on 
the return way 2, so that focusing is obtained. 
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[PROBLEM TO BE SOLVED] 

It is cheap, and that an unnecessary piezo actuator of an addition device winning precisely-style optical 

system drive method is provided is done with a problem. 

[SOLUTION] 

At first, While acquiring AF evaluation value, an optical system is driven to the shortest photography 
distance (outward trip 1). Because it is in the characteristic that seems to be broken-line of a graph so that 
there is a hysteresis in movement (a return journey) to return from the shortest photography distance to an 
infinity, it makes return an optical system to the infinity which is initial position once without focusing 
working here. Subsequently, Initial position that is AF evaluation value demanded with outward trip 1 by 
an infinity drives an optical system again to voltage becoming greatest namely focusing point (outward trip 
2). Here, The infinity which is initial position and the shortest photography distance that are termination 
end position are existing set prices, and there does not need to be the thing that the position changes by 
movement repeatedly of a piezo actuator. By this, If a drive direction and drive start location are equal, if, 
therefore, AF evaluation value demanded with outward trip 1 makes drive an optical system to voltage 
becoming greatest namely focusing point in a characteristic of a piezo actuator determined that relationses 
of displacement with the voltage integrally, a piezo actuator is what outward trip 1 and same characteristic 
are shown to, and even outward trip 2 focuses. 



[WHAT IS CLAIMED IS] 
[Claim 1] 

An optical system drive method, wherein; The optical system that a focus is possible, The focusing 
mechanism how said optical system is driven using a piezo actuator, and is focused on, While searching AF 
from the initial position that the o preparation, said focusing mechanism are one end of a drive range of said 
optical system to the termination end position that is another end of a drive range, a focusing position is 
detected, applied voltage at an above focusing position is stored, after an optical system reached 
termination end position, after having come back to above initial position once, above applied voltage is 
applied to an above piezo actuator, and photography is performed. 
[Claim 2] 

An optical system drive method, according to claim 1 wherein; The constant voltage is taken for said piezo 
actuator in initial position at the time of an AF search start in predetermined time. 
[Claim 3] 

An optical system drive method, according to claim 1 wherein; After said piezo actuator returned to initial 
position after an AF search , in predetermined time, the constant voltage is hung. 
[Claim 4] 

An optical system drive method, according to claim 1 wherein; Said piezo actuator does uoburingu by 
intervals from focusing to photography completion, a voltage change of a range mainly on applied voltage 
in a focusing position, there is a change of the focus distance by above uoburingu in a range of depth of 
focus of an above optical system. 



[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[TECHNICAL FIELD OF THE INVENTION] 

The invention concerns an optical system drive method, 

[0002] 

[PRIOR ART] 

In a piezo actuator, there is generally a hysteresis as shown in FIG. 1 for applied voltage and relations of 
quantity of displacement (a position). In other words, A piezo actuator is different from applied voltage in 
relations of quantity of displacement (a position) by a drive direction and the drive start voltage (a position) 
But, If a drive direction, the drive start voltage (a position) are fixed, relations of quantity of displacement 



(57) 

[ABSTRACT] 
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(a'position) are decided on applied voltage integrally. A loop to draw of the same line is traced in FIG. 1 

precisely, and applied voltage and relations of quantity of displacement determine. 

[0003] 

While driving a lens to the distance that, for example, focusing of an optical system photographs the 
shortest from an infinity as shown in FIG. 2 in normal AF mechanism, AF evaluation value of a captured 
image (for example, value by the contrast detection) is gradually acquired, after having stored a peak 
position of AF evaluation value, a lens is driven in reverse, a lens is stopped at a peak position of AF 
evaluation value namely a focusing position. 
[0004] 

However, in this approach, for example, applied voltage and relations of quantity of displacement are 
different as shown in FIG. 1 by drive time from an infinity to shortest photography distance and drive time 
from shortest photography distance to an infinity so that relations of quantity of displacement are different 
from applied voltage as for the piezo actuator by means of a drive direction, and a focusing position cannot 
stop a lens precisely when even same applied voltage is driven in AF search time and reverse because 
quantity of displacement is different. 
[0005] 

Some means (for example, addition devices such as external sensors) is used, and a position of a lens is 
detected physically influence of a hysteresis is avoided, and to stop a lens precisely at a focusing position, 
there is the method how feedback is hung. 
[0006] 

In addition, A method to reduce a hysteresis of a piezo actuator by improving a drive circuit is devised (for 
example, patent document one or two are referred to). However, Basic solution of a previously described 
problem is not reached without these methods are used, and can get rid of influence of a hysteresis. 
[0007] 

[patent document 1 ] 

Japanese Patent Laid-Open No. 6-310773 bulletin (Page 7-14, FIG. 1) 
[patent document 2] 

Japanese Patent Laid-Open No. 9-327181 bulletin (Page 2-5, FIG. 4) 
[0008] 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

The present invention considers the fact, it is cheap, and that an unnecessary piezo actuator type optical 
system drive method of an addition device winning precisely is provided is done with a problem. 
[0009] 

[MEANS TO SOLVE THE PROBLEM] 

While searching AF from the initial position that the focusing mechanism how an optical system drive 
method as claimed in claim 1 drives the optical system using an optical system and the piezo actuator that a 
focus is possible, and is focused on and the o preparation, the focusing mechanism are one end of a drive 
range of the optical system to the termination end position that is another end of a drive range, a focusing 
position is detected, applied voltage at the focusing position is stored, after an optical system reached 
termination end position, after having come back to the once initial position, the applied voltage is applied 
to the piezo actuator, and photography is characterized by what is performed, 
[0010] 

By invention of the constitution, drive of (AF evaluation value acquisition time) and drive at the time of 
focusing movement are picked up on the same orientation and a quantity of same applied voltage / 
displacement curve in a hysteresis characteristic of same drive start location and a piezo actuator used in 
what is done at AF search time, and it is driven. By this, A drive direction and deterioration of plasticity of 
quantity of displacement by a difference of drive start location namely influence of a hysteresis can be lost. 
[0011] 

As for the optical system drive method as claimed in claim 2, a piezo actuator is characterized by the 
constant voltage being hung in initial position at the time of an AF search start in predetermined time. 
[0012] 

Because quantity of displacement can write the voltage that is constant in initial position in predetermined 
time in AF search beginning as measures to a phenomenon to fluctuate when a kuripu phenomenon peculiar 
to a piezo actuator namely constant voltage continues being hung by invention of the constitution, quantity 
of displacement is stabilized. 
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[0013] 

After, as for the optical system drive method as claimed in claim 3, the piezo actuator returned to initial 
position after an AF search, the voltage that is constant in predetermined time being hung is characterized 
by. 

[0014] 

Because quantity of displacement can write the voltage that is constant in initial position after an AF search 
as measures to a phenomenon to fluctuate in predetermined time when a kuripu phenomenon peculiar to a 
piezo actuator namely constant voltage continues being hung by invention of the constitution, quantity of 
displacement is stabilized. 
[0015] 

As for the optical system drive method as claimed in claim 4, a piezo actuator does uoburingu by intervals 
from focusing to photography completion, a voltage change of a range mainly on applied voltage in a 
focusing position, there being a change of the focus distance by uoburingu in a range of depth of focus of 
the optical system is characterized by. 
[0016] 

After when a kuripu phenomenon peculiar to a piezo actuator namely constant voltage continued being 
hung by invention of the constitution, quantity of displacement drove by a phenomenon to fluctuate to a 
focusing position, uoburingu is performed by a voltage change of a small range, and a change of quantity of 
displacement is controlled to evade a situation to be out of focus so that an optical system moves to 
between before photographing. But, A spectrum of the focus distance by uoburingu is put in depth-of-focus 
of an optical system in the focus distance fluctuating in pettiness because uoburingu is done. By this, 
Outbreak of a focus gap can be evaded. 
[0017] 

[MODE FOR CARRYING OUT THE INVENTION] 

Applied voltage in a general piezo actuator and a figure of quantity of displacement concerned are shown in 

FIG. 1 . 

[0018] 

As shown in FIG. 1 , there is a hysteresis for applied voltage (a cross axle) of a piezo actuator and relations 
with quantity of displacement (a vertical axis), relations of quantity of displacement are different from 
applied voltage by a drive direction and drive start location (the voltage). But, If drive start location (the 
voltage) is decided on a drive direction, is determined that relationses of quantity of displacement with 
applied voltage integrally. 
[0019] 

While a piezo actuator drives an optical system in (to distance, for example, to photograph the shortest from 
an infinity) in a predetermined range as shown in FIG. 2 to perform positioning by applied voltage, AF 
evaluation value of a captured image is acquired, it is not possible for focusing precisely to be different 
relations of quantity of applied voltage / displacement by drive at the time of the AF evaluation value 
acquisition and drive at the time of focusing by a method to drive an optical system at a peak position (a 
focusing position) of evaluation value. 
[0020] 

In other words, While, as shown in FIG. 3 , acquiring AF evaluation value from an infinity, when the 
characteristic that seems to be a solid line of a graph is shown in movement of a piezo actuator driving an 
optical system to the shortest photography distance once , in the focusing position, it is to 1 in (an outward 
trip) during this movement. 
[0021] 

However, It is with the characteristic that seems to be a dashed line of a graph so that there is a hysteresis in 
movement (a return journey) to return from the shortest photography distance to an infinity, because the 
voltage to really focus on is 2, when drive is stopped here without AF evaluation value demanded in an 
outward trip focusing with the voltage of 1 becoming greatest, of a focus gap, it is in a condition. External 
devices such as position sensors are used, and a position of an optical system is detected to stop drive at 
focusing point, it is necessary to feed back, increase of a part mark, complexity of mechanism are invited. 
[0022] 

Thus, While at first acquiring AF evaluation value as shown in FIG. 4 in the present invention, an optical 

system is driven to the shortest photography distance (outward trip 1). 

[0023] 

Because it is in the characteristic that seems to be broken-line of a graph so that there is a hysteresis in 
movement (a return journey) to return from the shortest photography distance to an infinity, it makes return 
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• art optical system to the infinity which is initial position once without focusing working here. 
[0024] 

Subsequently, Initial position that is AF evaluation value demanded with outward trip 1 by an infinity 
drives an optical system again to voltage becoming greatest namely focusing point (outward trip 2). 
[0025] 

Here, The infinity which is initial position and the shortest photography distance that are termination end 
position are existing set prices, and there does not need to be the thing that the position changes by 
movement repeatedly of a piezo actuator. 
[0026] 

By this, If a drive direction and drive start location are equal, if, therefore, AF evaluation value demanded 
with outward trip 1 makes drive an optical system to voltage becoming greatest namely focusing point in a 
characteristic of a piezo actuator determined that relationses of displacement with the voltage integrally, a 
piezo actuator is what outward trip 1 and same characteristic are shown to, and even outward trip 2 focuses. 

[0027] 

In other words, in the AF evaluation value acquisition, the focusing movement together same drive start 
location (an infinity), a thing done with same drive direction, of quantity of same voltage / displacement, 
come to-affiliated, influence of a hysteresis can be ignored. 
[0028] 

It is cheap, and the present embodiment can be done with an unnecessary piezo actuator type optical system 

drive method of an addition device to win precisely in what assumed the constitution. 

[0029] 

Applied voltage in the present invention and a figure of quantity of displacement concerned are shown in 

FIG. 5 . 

[0030] 

When V0, quantity of displacement are done with DO with the voltage in focusing position f as shown in 
FIG. 5 , quantity of displacement fluctuates from DO for a property to fluctuate quantity of displacement 
when constant voltage continues being hung in a general piezo actuator, an optical system comes between 
things of photography from focusing from a focus position. 
[0031] 

Thus, It makes the voltage fluctuate by minute width mainly on V0, that quantity of displacement 1 
fluctuates in a direction by performing uoburingu holding a position change in check is prevented. 
However, Quantity of displacement might miss an optical system from a focus position in pettiness by 
means of uoburingu to fluctuate. 
[0032] 

Therefore a voltage band in uoburingu is assumed ? V from VI to V2 mainly on V0 in the vows by 
Buddhas in previous lives or worlds to save all sentient beings, when bands from VI and quantity of 
displacement Dl in V2 to D2 were done with ? D, ? V is set so that ? D fits in depth of focus in an optical 
system of the vows by Buddhas in previous lives or worlds to save all sentient beings. 
[0033] 

In other words, When depth-of- focus of an optical system of the vows by Buddhas in previous lives or 
worlds to save all sentient beings is assumed d, a gap of a focus position by uoburingu can be prevented by 
setting voltage band ? V in uoburingu so that relations named ? D <d make ends meet. 
[0034] 

A flow diagram of AF focusing position sensing in the present invention is shown in FIG. 6 . 
[0035] 

At first, While calculating AF evaluation value from contrast values in a picture by step 10, an optical 

system is driven than initial position toward termination end position. 

[0036] 

Subsequently, It is judged whether AF evaluation values decreased by step 12 in succession in a n time to 
be. If AF evaluation values decrease in succession in the n time that is the number of times set beforehand 
here, is judged that the optical system passed a focusing position. 
[0037] 

In other words it keeps AF evaluation value continues in a n time, and not decreasing to step 1 8 when a 
focusing position is not reached, a focusing position sensing flag is gone ahead through to step 20 for 0 
(focusing position non-detection), a beginning is come back to. 
[0038] 

When AF evaluation values decreased in succession in a n time, a focusing position is judged to have 
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passed by, step 14 is advanced to. A focusing position sensing flag is gone ahead through to (the focusing 

position existing detection), step 1 6 for 1 . 

[0039] 

A position of one step this side where AF evaluation values begin to decrease is set by step 1 6 as a peak of 

AF evaluation value namely a focusing position. 

[0040] 

A flow diagram of optical system drive by a piezo actuator in the present invention is shown in FIG. 7 . 
[0041] 

At first, An optical system is driven to the infinity which is initial position by applying the voltage to a 

piezo actuator by step 32. 

[0042] 

Subsequently, By step 34, quantity of displacement namely the voltage that is set for initial position to 

stabilize position precision of an optical system is applied in constant time. 

[0043] 

Next, The voltage is applied to a piezo actuator by step 36, while acquiring AF evaluation value, an optical 

system is driven toward termination end position. 

[0044] 

Subsequently, The detection of an AF focusing position is begun by step 38. A focusing position is detected 
by a method explained in FIG. 6 by step 40. When there is not no focusing position sensing flag with 1 
here, in other words a focusing position advances to step 42 in that case of non-detection. 
[0045] 

It distinguishes whether an optical system arrived at termination end position namely the shortest 
photography distance by step 42. When it is not yet arrived at, progress continues being driven to step 44 
more. When it was arrived at, a focusing position sensing flag is 1 , and in other words, in the focusing 
position, is made decision that there is not with detection inability in a focusing position being non- 
detection, step 48 is advanced to. By step 48, setting stores a drive position at a general-purpose 
photography position (around 1.2m) set by reason of the case that a focusing position was impossible of the 
detection beforehand. 
[0046] 

On the other hand, When in other words a focusing position is detected, it keeps a focusing position sensing 

flag being 1 to step 46 by step 40, setting stores a drive position at a derived focusing position. 

[0047] 

After setting stored a drive position by step 48 or step 46, step 50 is advanced to, and an optical system is 

driven to termination end position namely shortest photography distance. 

[0048] 

An optical system is returned to initial position namely an infinity by means of a piezo actuator by step 52 
once successively. Even more particularly, by step 54, the voltage for initial position is applied same as step 
34 in constant time. By this, Drive start location, influence of a hysteresis by a difference of a drive 
direction can be ignored in a piezo actuator being driven in the case of the AF evaluation value acquisition 
in the same drive start location, a drive direction. 
[0049] 

Next, Step 56 is advanced to. An optical system is driven by step 48 or step 46 at setting, a memorized 
drive position here. As described earlier, Influence of a hysteresis can be stopped at a drive position set an 
optical system in what there is not precisely. 
[0050] 

Around a drive position set by step 58 successively, uoburingu is performed in the range where is not come 
off from depth-of- focus of an optical system. Relations of quantity of voltage / displacement are different 
by means of a set drive position, but if used piezo actuator and drive start location, drive direction are fixed, 
because is determined that characteristic a hysteresis, voltage range of uoburingu prescribing quantity of 
displacement width of the range where is not come off from depth of focus can be calculated from applied 
voltage value of a drive position easily. 
[0051] 

Even more particularly, photography authorization is become by step 60, photography takes place. 
[0052]. * * * 

In addition, In accordance with exemplary embodiments, an optical system is driven by a piezo actuator, it 
focuses, and it works, but light-sensitive material or photo acceptance unit is moved, and it focuses, and it 
may work. 
[0053] 
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[EFFECT OF THE INVENTION] 

It was cheap, and the present invention was able to do with an unnecessary piezo actuator type optical 
system drive method of an addition device to win precisely in what assumed the constitution. 
[BRIEF DESCRIPTION OF DRAWINGS] 

[ FIG. 1 ] 

It is a figure of quantity of voltage / displacement in a normal piezo actuator concerned. 
[ FIG. 2 ] 

It is a figure of an AF evaluation value / lens position in conventional AF concerned. 
[ FIG. 3 ] 

It is a figure of the AF evaluation value / voltage in a normal piezo actuator concerned. 
[ FIG. 4 ] 

It is a figure of the AF evaluation value / voltage concerning the present embodiment concerned. 
[ FIG. 5 ] 

It is a figure showing an uoburingu characteristic concerning the present embodiment. 
[ FIG. 6 ] 

It is a flow diagram of focusing position sensing concerning the present embodiment. 
[ FIG. 7 ] 

It is a flow diagram of piezo actuator drive concerning the present embodiment. 
[DENOTATION OF REFERENCE NUMERALS] 

Displacement width in quantity of displacement ? D uoburingu in quantity of displacement D2 uoburingu 
in quantity of displacement Dl uoburingu at the time of voltage width DO focusing in best voltage ? V 
uoburingu in minimum voltage V2 uoburingu in applied voltage VI uoburingu at the time of VO focusing 
at the minimum at the maximum 

- A continuance (72) inventor of 

front page Yamasaki Akihisa Izumi, Asaka-shi, Saitama water 3-1 1-46 An F term (reference) in Fuji Photo 
Film Co., Ltd. 2H044 DA01 DB04 DC02 DC10 2H051 EA08 EA10 
[a continuance of an abstract] 

[SELECTED FIGURE] 
FIG. 4 
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